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Abstract 
Changes in the field of chemical engineering and the require a reevaluation of the 
content of the undergraduate chemical engineering design course taught at the University 
of Tennessee (UT) and its relevance to industrial practice. While many prominent 
chemical engineering educators have expressed opinions about the future of chemical 
engineering education, the opinions of students are also relevant to this discussion. 
According to Cussler, et ai., chemical engineering educators must adapt their 
curricula to accommodate the new areas of the profession. The emerging opportunities 
facing today's chemical engineering graduates provide sufficient motivation for 
modifying how design is taught to undergraduate chemical engineers. After a discussion 
of traditional design approaches, UI's industrial design internship at UT is presented as 
an alternative to a traditional senior design course and a unique opportunity to work on 
industrial projects. A new product-emphasis approach to design is suggested as a possible 
model for the future of chemical engineering design which will better prepare chemical 
engineers for work in industry. 
Introduction 
Changes in the field of chemical engineering require a reevaluation of 
undergraduate chemical engineering design as taught at the University of Tennessee (UT) 
and its relevance to industrial practice. While many prominent chemical engineering 
educators have expressed opinions about the future of chemical engineering education, 
the opinions of students are also relevant to this discussion. 
Chemical engineering educators have always tried to present students with 
problems that are relevant to industrial practice. At the same time, students are expected 
to master the underlying fundamental principles of the discipline, including transport, 
thermodynamics and kinetics. Not surprisingly, balancing traditional theory with current 
practice in the curriculum is sometimes a delicate matter. 
One approach to maintaining this balance at UT has been the development of 
several industrial internship classes in which teams of students tackle real engineering 
problems under the guidance of a faculty mentor and an industrial sponsor. These classes 
are available to upper-level undergraduate students and can be taken as electives or as 
substitutes for required courses. One class which has been developed by Dr. R.M. 
Counce and industrial colleagues at DuPont Corporation is entitled "Design Internship in 
Pollution Prevention" and can be substituted for the capstone senior design course. 
Since the design internship requires students to investigate real engineering 
problems, these projects as assigned are always open-ended and the relevance of skills 
learned in the classroom is not always immediately apparent. Some projects that do not 
fit neatly into the framework of a traditional undergraduate design course provide 
motivation for reexamining how chemical engineering design is taught. 
Some of these projects reflect current trends shaping the field of chemical 
engineering. More than ever, chemical engineers are being hired into fields outside of the 
traditional chemical process industries (CPI). While growth of employment in the CPI 
has slowed, employment of chemical engineers continues to increase in microelectronics, 
pharmaceuticals and chemical products as well as other non-traditional areas [1]. As a 
result, chemical engineers are being asked to apply their skills to a wider range of 
problems than ever before. 
According to Cussler, et aI., chemical engineering educators must adapt their 
curricula to accommodate the new areas of the profession. The emerging opportunities 
facing today's chemical engineering graduates provide sufficient motivation for 
modifying how design is taught to undergraduate chemical engineers. After a discussion 
of traditional design approaches, UT's industrial design internship at UT is presented as 
an alternative to a traditional senior design course and a unique opportunity to work on 
industrial projects. A new product-emphasis approach to design is suggested as a possible 
model for the future of chemical engineering design which will better prepare chemical 
engineers for work in industry. 
Background 
The roots of the chemical engineering profession would be known today as 
"interdisciplinary." More than a century ago, the first chemical engineers responded to 
the growing need for professionals who had both an understanding of chemistry and a 
knowledge of mechanical engineering [2]. This combination of skills made these 
individuals well-suited to overseeing the scale-up oflaboratory processes to industry. 
Through the course of the twentieth century, chemical engineers continued to apply 
interdisciplinary skills in a variety of industries. 
The philosophy of modern chemical engineering was probably first articulated by 
Arthur D. Little who coined the term "unit operations" in 1915 [3]. According to Little, 
any chemical process could be broken down into a series of smaller units such as mixing, 
reaction, heat exchange or distillation. Since that time, chemical engineering and 
chemical engineering education have focused on building an understanding of the 
individual unit operations and learning to tie several operations together into a single 
process. Chemical engineers have also been interested in the design, optimization, control 
and operation of these processes. 
Since Little first formulated his theory of unit operations, chemical engineers in 
the United States have contributed to many major industries including petroleum refining 
and petrochemicals, polymers, pulp and paper, and food processing. Each of these 
industries has relied heavily on (and benefited greatly from) the design of continuous 
chemical processes for the mass production of commodity chemicals. Chemical engineers 
have also contributed to environmental remediation, the development of artificial organs 
and the reduction of automobile pollution by catalytic conversion. 
Not surprisingly, the job market facing today's chemical engineering graduates 
has changed drastically since the early days. Today, chemical engineers are not confined 
to the continuous production of commodity chemicals. Since the early 1980's, the relative 
strength of chemical manufacturers has declined compared to businesses in other 
industries [4]. At the same time, major chemical manufacturers have abandoned their 
traditional chemical businesses in favor of emerging markets in biotechnology, advanced 
materials, pharmaceuticals and microelectronics. 
Looking for Work 
Interestingly, the changes in industry have not yet presented a major problem for 
chemical engineering graduates. Instead, chemical engineers have merely moved with the 
market, adapting their skills to a variety of new industries. Although opportunities in 
traditional industries have become rarer, chemical engineers are highly sought-after 
employees because of their ability to quickly master new skills, to contribute technical 
expertise to a variety of problems, and to solve problems. As a result, there are an 
expanding variety of jobs available to today ' s chemical engineering graduates, many of 
which are far outside the traditional CPI such as accounting, consulting and law. 
Recent surveys have shown that while more than 40% of undergraduate degree 
recipients are hired into traditional industries , a full 16% of their classmates have been 
hired by electronics companies [5]. For graduate degree recipients, electronics companies 
hired 28% of M.S. graduates and 19% of Ph.D. graduates [5]. In addition, the 
pharmaceuticallbiotech and food processing industries employ about 10% of new 
chemical engineers, respectively [5], Of course, chemical engineers continue to be the 
primary technical hires for pulp and paper, soaps, oil, gas and plastics as well. 
All this goes to show that today' s chemical engineers, more than ever, deserve the 
title of "universal engineer." The challenge for chemical engineering educators is how to 
respond to these changes in industry. The degree to which chemical engineering 
graduates continue to succeed in such a wide array of fields speaks well of the 
discipline's academic heritage. On the other hand, if there are areas in which chemical 
engineering students can become better prepared for the workforce, students will demand 
that engineering departments adapt to exploit these areas. If educators refuse to respond, 
students are likely to attend school elsewhere. 
Chemical Engineering Design 
Modification of the senior chemical engineering design course is one way in 
which chemical engineering educators can respond positively to this new challenge. By 
its very nature, this course is broad and cumulative in scope. Of all the courses in the 
current undergraduate curriculum, the design course allows the instructor the most 
latitude to explore new issues relevant to chemical engineers, but not covered by earlier 
courses. 
In most undergraduate programs, chemical process design is the traditional senior 
capstone course and historically has focused solely on continuous chemical processing. 
Traditional design courses in chemical engineering have presented students with a well-
known process and an already defined flowsheet. Students are then asked , given a desired 
production rate, to size the heat exchangers, pumps, tanks and columns needed to meet 
this demand. 
While this might be a reasonable approach for teaching unit operations, it does 
little to prepare students to think about the issues associated with the design of a real 
chemical process plant. First of all, students are not taught to generate and evaluate 
multiple flowsheet options. Second, problems given in this format are not open-ended 
and therefore not representative of real chemical engineering design problems, so this 
method does little to prepare students for a career industry. Relevant issues such as the 
incorporation of safety and waste reduction into design are completely obscured by this 
approach. 
Conceptual Design of Chemical Processes (1988) by 1.M. Douglas marked a 
major departure from traditional chemical engineering design courses. In his book, 
Douglas stresses that all chemical engineering design problems, as stated, are open-ended 
and underdefined [6]. It is the chemical engineer, using experience and expertise, who 
must fill in the details needed to move a process from the lab bench to the plant floor. 
These details include (but are not limited to): what phase will reactions be carried out in, 
how the products and byproducts will be separated, how many recycle streams are 
needed, how waste will be minimized or safely disposed of, what safeguards must be 
added to protect the operators and the community. 
According to Douglas, chemical engineering design problems begin with a 
minimal amount of information [7]. In most cases, the desired production rate and 
product purity will be given. The designer must find stoichiometric and kinetic 
information about the reactions to be performed and the physical properties and prices of 
all chemical species involved. Finally, Douglas says that processing constraints and 
environmental and safety concerns should be noted in the initial stages of design [8]. 
Rather than simply providing a completed flowsheet with the equipment only 
needing to be sized, Douglas guides the student through the process of hierarchical 
decision-making. In this hierarchical approach, the most expensive equipment is sized 
first. This allows uneconomical design options to be discarded early in the design process 
so that time and energy can be focused on the most promising designs [9]. Unlike a 
traditional design text, Douglas asks the student to think about what pieces of equipment 
are required in what parts of the process and why. In this way, Douglas shows how 
multiple flowsheet options can be proposed beginning with only a small amount of 
information. 
In order to facilitate these calculations, Douglas stresses the frequent use of 
heuristics (rules of thumb) [10]. By using heuristics, Douglas assumes that practicing 
engineers will want to take advantage of prior knowledge of simi lar process. Heuristics 
enable designers to use experience in making order-of-magnitude guesses as to how a 
new process could be designed. Of course, rigorous calculations can be performed at a 
later stage of design, but heuristics provide short cuts to estimates that are reasonably 
accurate for initial design screenings. 
Douglas's text is an algorithm for chemical engineering problem-solving. This 
algorithm is hierarchical, evaluative, and iterative. Regardless of whether the course 
prepares students to design chemical processes, Douglas presents students with a flexible 
approach to chemical engineering problems that is broad enough to be widely applicable . 
This is particularly important because most chemical engineering graduates will probably 
not become process designers. They will, however, become responsible for solving a 
variety oftechnical problems in a variety of industries, most of which, like the problems 
in Douglas's text, will be open-ended and underdefined. 
Industrial Design Internships 
As a demonstration of the Usefulness of Douglas's approach, students in the 
design internship class at UT have been using a similar design approach to address real 
industrial problems since 1991. Over the years, projects have ranged from sizing 
distillation columns, to proposing methods of removing NOx from tank fumes, to 
designing recovery systems for metals in purge streams [11]. Each project is completed 
within one semester and involves a group of four to five students, a faculty mentor and an 
industrial sponsor. The internship is taken during the senior year as a substitute for the 
standard second-semester design course. 
Before the semester begins, the industrial sponsor begins to compile proposals for 
possible design projects. These projects are selected based on their educational merit, 
their value to the sponsor company and their possibility of being completed within a 
semester [12]. Typically, a short list of potential projects is presented to the faculty 
mentor who is responsible for making the final project selection. 
Intern groups consist of four or five students whose first introduction to the 
project will be a meeting with the faculty mentor during the first week of the semester. At 
this time, the students will receive a brief project description and may begin discussing 
what background information needs to be gathered. Students should begin to prepare 
questions for the project initiation meeting with the industrial sponsor. 
The official project initiation usually takes place at the plant site of the industrial 
sponsor. At the site, students have a chance to tour the facility , talk to the engineers about 
the project and have any of their initial questions answered. The most important part of 
this meeting is the definition of a project statement and design objective [13]. This is 
critical for the completion of a successful project. The students, faculty mentor and 
industrial sponsor must all agree on what is to be accomplished during the project and 
what will be delivered by the students at the end of the project. 
For the next four weeks, students try to gather as much background information as 
possible that is relevant to the project. As in Douglas's book, this includes any data about 
the compositions of input streams, the desired production rate and purity. Also, students 
investigate the physical and chemical phenomena that are applicable to the system. 
Typically, this phase requires a complete search of the applicable literature. Finally, 
students note any safety or environmental concerns about the project. 
Having completed their infonnation search, students begin to propose a variety of 
design options. These options will be narrowed down to a list of four or five which 
appear to be most feasible. 
Throughout the project, it is very important to maintain communication among all 
the people involved [14]. While the background is being developed, students meet with 
their faculty mentor twice each week to discuss what is being done and to develop new 
paths forward. One of these weekly meetings includes the industrial sponsor. Particularly 
during the period of information gathering, the sponsor can be a valuable resource for 
information and advice. 
Usually the students present a midterm report to the industrial sponsor to describe 
what progress has been made and to define where the project is headed. This report can 
be presented at the project site or by teleconference if the distance and cost prohibits a 
plant visit. 
In many ways the midterm report is the turning point of a project. The students 
now are the experts in the problem and often have as much insight as their industrial 
sponsor. The students begin to develop detailed flowsheets of the proposed design 
options. Initially, this may consist of hand-calculated material and energy balances but 
often ends with a computer simulation using ASPEN or HYSYS. 
As flowsheets are developed, students are expected to make economic evaluations 
of each option. Based on these results and based on the industrial sponsor's design 
priorities, a list of the most-promising alternatives can be proposed. The students present 
their results in a final presentation to the industrial sponsor along with a formal written 
report. 
New Challenges and New Ideas 
The design internship is a valuable educational experience for chemical 
engineering students at UT. The program teaches students to work in teams, to set 
attainable goals, to be self-motivating and to apply their skills to relevant industrial 
problems under economic and engineering constraints. The program also encourages 
students to apply classroom knowledge to new problems in creative ways. 
Despite the internship program's successes, the habit of thinking of chemical 
engineering problem-solving in terms of "design" can be self-limiting. While Douglas's 
book presents a strong case for a hierarchical approach to underdefined problems, 
"design" problems according to Douglas's definition probably account for only a small 
fraction of the problems faced by most practicing engineers. Engineering graduates 
taught to look at all problems from this point of view are clearly at a disadvantage when 
it comes to solving many problems that arise in industry. 
Educators must do their part overcome these limitations and equip chemical 
engineering graduates with the confidence to address these problems in practical and 
technically sound ways. This effort must recognize the increasingly multidisciplinary 
nature of the chemical engineering field and may require a reevaluation of other courses 
in the undergraduate curriculum. Cussler and Rousseau have already provided many good 
suggestions to refocus chemical engineering education on growing areas of chemical 
engineering strength. Among these are an increased focus on Health, Environment and 
Safety (HES), greater emphasis on batch processes, and reevaluation of the unit 
operations approach. 
While these are good suggestions that will help chemical engineering education to 
refocus on the current needs of industry, there is still a general need for chemical 
engineers who are more flexible problem-solvers. A broad-based approach to problem 
solving may encourage more creative thinking, and give students more freedom to 
explore new areas and new ideas. 
One possible approach is a design strategy developed for a course in the 
mechanical engineering departments of Ohio State University and Drexel University as 
described in Tools and Tactics of Design by Peter Dominick. Like Douglas, Dominick 
outlines a hierarchical approach to design according to the following steps [15]: 
Phase 1: Defining the Problem 
Phase 2: Formulating Solutions 
Phase 3: Developing Models and Prototypes 
Phase 4: Presenting and Implementing Design 
Also like Douglas, Dominick stresses that the design process must be iterative 
[16]. At each step of the process, the design team must reevaluate whether they are still 
meeting their design goals. For practicing engineers, this might mean cooperating with 
engineers in the business office or soliciting input from potential customers. In the 
context of an undergraduate course, students can receive periodic feedback from a 
professor or, if the course is a design internship, meetings with the industrial sponsor 
serve this purpose. 
There are multiple advantages to Dominick's suggestions if they could be applied 
successfully to a chemical engineering design course. First, Dominick's approach, unlike 
Douglas's is well-suited to approaching a wide variety of problems. Certainly, this does 
not mean that chemical engineering students should give up the basic techniques stressed 
by Douglas-material and energy balances, design of unit operations, use of conventional 
cost correlations-but it does give students the flexibility to approach new problems and 
encourages students to explore new areas while looking for solutions. 
Secondly, as a course designed for mechanical engineers, Dominick's approach is 
highly product-focused rather than process-focused. Changing to a product-emphasis 
design course may be helpful for chemical engineering graduates, since this reflects the 
current need in industry. 
The application of such an approach should accomplish several goals. As with the 
design internship, students will have the opportunity to work cooperatively in teams. In 
addition, they will have the chance to apply skills learned in the classroom to real 
problems. Dominick's approach, however, places new emphasis on creativity in problem 
solving and challenges students to think about unorthodox solutions. This should train 
students to be increasingly confident in their ability to approach unfamiliar problems and 
more flexible in their thinking. 
Conclusion 
The options open to chemical engineers are wider open than ever before. 
Although industry is changing, chemical engineers can succeed if they are willing to 
adapt. One approach to this should be the refocusing of the chemical engineering design 
course to reflect the new trends in industry. The approach proposed by Dominick could 
be easily adapted for chemical engineering students in either classroom or industrial 
internship settings. If implemented, this approach will train students to be more flexible, 
more confident, and more attractive to employers in a variety of fields, inside and outside 
the CPI. 
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